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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the energy capacity and cycle lifetime of a lithium 
secondary battery. 

SOLUTION: This nonaqueous secondary battery is formed of a positive electrode active 
material, a negative electrode material, and a nonaqueous electrolyte. A transmit metal oxide 
containing lithium is used for the positive electrode active material, and a compound containing 
silicon atom is used for the negative electrode material, and the gel electrolyte containing (a) 
organic polymer (b) non-proton liquid and (c) ammonium salt or alkaline metal salt or alkaline 
earth group metal salt is used for the electrolyte. 
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P mi£<lcK£2n£^tf> 4-1 3tfff*U> fS 
OSSte 1 0 OTCtfSfSlA^ £Oc, 2 0 

°C-9 5t^C(D^L^o *6oi*r8<D{teU:S nCl^ 
mmm-c>%Z>Smm, P d c l ^BKTKiSJK*^ 

[0043] 2*, wmtEti^-cmit^ommt u 

ft*ft«tt W«tt©S^&«T'**Uf AT *> £ ^ 
£<IC, Ni, Cu, Ag, Co, Fe, Cr, 
W, T U A u , P t , P d , Sn, Zn jW? £ Ll\ 
t<l£. Ni, Ctu Ag, Co, Fe, Cr, Au, 
Pt, Pd, Sn, Zn*l$L<, Ni, C 

u, Ag, Pd, Sn, Z ntf £<tC#2;lA\, 

[0044] *mm?m^$nz*jm{t&to*i&zjm 
*jw#?ffc**k >t5K3K«$h% e-/i^s*H\ 

Ci, *U7>'jm #yr*y;l/KNa* #y*fx;U 
tfy \L-)\,\Lu y K V, *y7£MJ;l/73 

h\ #ytHD*s^ 7*yu-K x^ixv- 

nUh\ ,f'JfF77;VDoxfUx tfy^fblf- 

'JfX fh77PPXfUy-^7DPyplfU 
V#M^tt* eXlJf^D^ F-fh77UDXf 

#y7ph:i/x x^v-^otruv-^xv* 

-ilfJV- (EPDM) , 7;l/t>>{tEPDM, #ye 
x/l/7-fe*-/l/t»8§, *^/M*T*UU-K 2-x 
^;U^*~>;l/7*y U-hl?<0 7*y;U&xx 
f;l/^^ts 7^»JWxxf;i/fti^ 



7^'J;i/8xxf^-7^'jpxh y;i/#fi£ 

If x;l/7tf~ Olf x;l/XXf 

>; kr-;i/xxf-;i/tt3i^{*> xf-uv-7^>'x>tti 
7^'Jpxh'J;i/-7^i;xvfti^ tfyr 
**/x> x 7«y^zfA, ^'Jxfuv 

sM^>h\ ^'jxxf^'J^u^yffll, #ux-f 

Hi, #yx7f;l/m 7i;-;«, x#*i/t8$f 

% c £i)W&&a fticx y r * y «xxt;v 
h 7 7Wpxfux *y7^(i:t— yxvtfws 

mt*ufh77wpxfi/x ^yv^fktrx 
yf^B*u>. &zfrvtotmtzy3fe£Lri* % 

«5-10 0%^»SU^ £<IC 5~90%tf$? 

$u\ ttffl^nrctt^oT^-fXJi, 0. oijim 

-4 0|imtf!fSU\ 0. 0 3-5fim#ff 

[0 0 4 5] *»BT?tt, {r^JRfkdttfcBORKfbfttt 

Cfc#T't£o UttWlcti, NM6 2-1 2 2 06 6 
*§\ WWF2-6 6 8 5 6§, 1^3-2 4 5 4 7 3^ 

«H V 5-290844 *4*fifcE«<D»R 
lt»fcAjfi*l»©ffi^«U »M86 3-2 4 5 5 5f, 
[516 3- 1 3 2 8 2*, fo)6 3-5 8 7 6 3^, 
6-21261 7#*HBtcK«©«fi«fiK*ttS, » 
W5- 1 8 2 6 6 4 ^»«lCiBKOj8lll»ftK*«: 2 

4 o oic*Hii*iae-eiip}»«j««tife»»-e*D, 
-om&vo o 2ffijcffla-r*x«isjsfoif-^*«fo» 

»B8¥ 5-307957*, IHJ5-307958 
IHI7-85862*, 1^8-3 1 582 0#^fBlC 

WBHT6-.8 4 5 1 6*»«»cEKoaWH**r 

m*m* v << 7>*-<D&ft<Dmmtm. 71/- 

;l/«J3i, 7^ , JpxhU;«l, 7;uyy;bT;Un-;i/ 
<Sflgcoj^B2i*, **«?**cr*yr-fe>tmftifoK 

<03e«KJS». Hftn-^x, 5^-^^ -tr;l/o-x 
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[0 0 4 6] £Oc, WBB¥5- 1 8 2 6 6 4«MWC 

fcfc#SLV\i ffl^Jttt* *"-f*fb*«ifc»LT. 0- 
2 00 0ii%^»fK, 1 0-1 0 0011%*^ 
D#£LV\, ^ ^>frc. 2 0-5 0 0ll%WmB$L 

[0047] mw&t^xi*. mmom&mttm^zc 

tti*V*Zo Ni, Cu, Ag, F etf#£LV\, 

[0048] r*m{k&to&mttn<Dffliwm£ lx 

S\T*m-?£$, x = 0-4. 2tf#£LV\, 

*>r*;i/»A»a*«a*»Lfcjs», x-o~3. 7 

HW£Lfc 0 SWffiT'tt, y**A&B»ffifc:»L 

T, x = 4. 2T?ti, jgfflE^fcT, 0. 

(OtCttL, x = 3. 7T*&, #}0. 0 5VT*$ofc d 

awift«o»ttttwtu 0. ov^ft^ig 
lt?«o. 5v atrt^9i*ft«) ttmcsp&*mM& 

*8tf»6ft*<Z>K:*JU 0. 0 5Vtt±, fc<fc0. 0 
8Vtt±(x = 3. 6) m »0. 4 VteT^WBE* 

&oft^&A'ftttflitf*&ti«. fin**, 5t«»»«ff* 

f:U fro, Ji5^SKoWiBttt.»Wo/fc3»fe*Mv^ 

[0049] ^>r*ffcdwoB»a*w»Loo, im 

[0 0 5 0] *f»H-ett, LT, *^©-5r 

[oosi] *ffflvm^ztizmmttm*v*-*i*tt 

ffinV*HKfUb?ft«. »*L<ttTI, V, Cr, 
Mn, Fe, Co, NK Mo, Wfr &gtfn£'>fc< 

%mmx*$>-DT, y**A£3H£&s©^wt#o. 

371?S2. 2©{fcft»-C*«. cfc>)$?i:L<fa, V. C 



r, Mn, Fe, Co, N i *>>5«tftl£'>fc< 1 
a<D»»A«7C JR £V*"yjx£tt£ L T ##"T * ffif t 
•ttoT, y^*Afc^&&B<O*;Wt#0. 3rtM 
2. 2©{L*«n?**. ^*5±i:LT#St5IMI 
fc»L3 0e;l//^— fe>h*iSO(EH.T ; A K Ga, I 
n, Ge, Sn, Pb, Sb, Bi, Si, P, B&£ 

i£L i.M02 (MteCo, N i, Fe, MnO'>ft<i: 
fell, x = 0-l. 2) , STcttL i,Ni04 (Ntt 
^ft<fctMn*«tr. y = 0-2) T^nSXW 

[0 0 5 2] £5lC, JE@gaStiLiyM.Dt.O2 
(MttCo, Nl, Fe, MnO'>fi:<i:fcll Dti 
Co. Ni, Fe, Mn, A U Z n, Cu, Mo> A 
g, W, Ga, In, Sn, Pb, Sb, Sr, B, P 
O4'QMJUft04NB:< fcfc 11 y = 0 — 1. 2, a = 
0. 5-1) Sr^trtflEk SfcttL ix (NbE«) a 
O4 (NliMn EteC o, N i , F e, Mn, A 1, 
Zn, Cu, Mo, Ag, W, Ga, In, Sn, P 
b, Sb, Sr, B, P <Q'>& < £ t> 1 a, b=l- 

0. 2 z = o-2) -rastt3xe*^«iS£*rr* 

[0 0 5 3] JHWtycte, L i.Co O2, Li.Ni 
Oa, Li.MnOa, L i «C o.N i 1- O2, L i «C 
o<»Vi-bOi, L1.CObFet.bO2, L i.MniO 
4, L i »M n e C oa< 04, L i «Mn c N i 2<04, 
Li.Mn c V 2 <04, Li»Mn c Fe 2 <04 (CCT* 
x = 0. 02-1. 2, a = 0. 1—0. 9, b = 0. 
8 — 0. 98, c = 1 . 6—1. 96, z = 2. 01 — 

2. 3) #*H p &n*. «fejaF*L^y^->A«w» 

^JBK<k»i:Lrtt, Li.Co02, Li-Ni0 2 , L 
i»Mn0 2 , L i.Co.N i i« O2, Li.MnaO*, 
L i.C OdVhOi (x = 0. 02—1. 2. a = 
0. 1-0. 9, b = 0. 9-0. 98, z = 2. 01 
-2. 3) tffttf&n*. x O«tt3HS«BSJ6M<0 

[0054] ^Knmt^iEWssMCtt^ y^^Aft 

Jftflc<oa<Ol¥»«, HW6-6 0, 8 6 7#<Og 
*3 5, «BB¥7- 1 4. 5 7 9WfcE««tlT* 

^LTti, y^^A^JS, y ^ w^y^-«> 

[0 0 5 5] ^WPffit^iEaSWJlOTfttt?^ 
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V\> 0. 5-3 0 iLm<Dm=?(D#ffltf9 5%VA±T&Z> 
tf£Vm<0 1 8 %fiTF?ft 0 > ISO 1 5 /i mWi 2 5 /i 

ti^i)\ BETj£T0. 0 1- 5 0mVgW*L 
<, mco. 2m , /g-lmVgWff*U\ £fc 
JE^S^S 5 g *&S* 10 0ml tcfgfr Lfcf$cD±il 
*»<0 p H i: LT« 7 JK± 1 2 WTtf #* tA> 0 
[0 0 5 6] *«WOiEffiS»S«:«EfiEJc<toTSS« 
«JSEiftKi:Lr«5 0 o— l 5 0 0tT**5Ci:^ 
#£L<U ££tCji?3:L<W:7 0 0— 1 2 0 0°CT*& 
0, ^c#£L<&7 5 0- 1 0 00fe*5. 

6-2 OWrffl-TftO. *#tC$?£L<te6-l 5«Flffl-e« 

So 

[0 0 5 7] *aRBO^ffJfcffiffl^tlSWII»Jtt, Sfi8 
frttJSft. ±ttW»0«KJIUB, S«jn-*x, HJ^ 

3\ »-v/l/77 y * »o*-#>y 7 V 7X7 
ItSl SB, 7*3-*A, flWoftMSMt 

ffl^*fc#*LV\, CtlS<D*Ttt, ^77r^h^ 
-#>75yW»SL<, 0. 0 1 

jimtt±, 2 0. 0 2pmJU 

«L 1-5 0ffiS%T*£SC£tf$?£L<, &K2-3 
0M%T?*SCi:^BSU>o *-*>777**y 
777^hm 3-2 0lI%T'«SCfc^Rft»$ 

[0 0 5 8] ♦sM-ettns^wtrflw-rftfcttfcis* 

n— x> -fe^n— x. ^T-fe^/HryUa— X, **-;Hr 



Dt?;i/-t/l/o-X, 7^>SNa, #U7^'J;l/S, 
#';7^U^SNa, *U tT— ;I/7xy- 7k #yex 
;l/*^;l/x— r;k *U if— ;K *ue— ;U 
tTnUKV. *iJ7^y;I/75K, #ynKn*5/ 
*) 7*UU-h, X^UV-vU^ygfil^fo 
*J8tt#U^-. ^jer^p'JK, ^Ufh77;l/ 

□ OXfl/V, *U7yfklf— 'JfX TF77DDX 
f U>-^N*1f 7 D O tf U Vf-UxV 

K-fh77noxf l/y-A^7Pn7 , D 
t?by«I^^ ^'Jxfi/X ^'J7ut:bX x^ 
UV-7ot!Uy-^xy^»j7- (EPDM) , 
x;l/*yfkEPDM* *Ulf— ;l/7-fc5r— ;l/«B, 
;M#7*U U-K 2-xf;K4 i ^l/7* , JL/-h 
3§F<a 7^';;i/»xxf;i/W*tS 7 
*'J;l/ixxf;«l&(t, 7?'J;i«xxf 
;V-7^UDXh'J;l/±ti^ £ x;l/7-tzir— h^O 

xfi/v-r*yx>«i^ r*un-hy;i/ 

A, 77l3X #'Jxfl/y^>K, #Uxxf;I/ 
*y*U*>1MB, #Ux-f;I/#y , )l/>v«>, # 
y*-#*-h#y ^'Jxxr/HSB, 

So (t{C^U77'J;l/gXXfM07f77X, 

s^S'^/MzjI/D— X, h77;Wnxfi/ 

<, »^*OS^cD¥^^X^0. 0 l-5/zmC0 
t>0£ffl^SOtf<fct)8F£L<. 0. 0 5-l/inKDk 

»>ts. c<o<fc3ftS*r*e»»J©iSinati l - 3 o 
mn%^$ftL<, «ptc2-i oss%^»^lv^o 

[0 0 5 9] £«HW«. «j««*ifcWfifc:*5^T* fk*£ 

^t^So xi«, #yyneuv. ^yx^uv^ifo 
^■u7y^'jv-, #^x, KXft^oautvfflt^ 
e>ns 0 7-f ^-oasftifittWciBS^n^v^ o- 

3 0fiS%tf»£Lv\, -Y*^««Btt, &«&lttf« 

[0060] *mi?mmT'2z>pmmtiEmtT)i'* 

x-)a, xfyux^ $rcticn 
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[00 6 1] m<Dm&tLTte7 |im- 1 0 0 /im^ 

2 0 0/im^L<, 2 6lC$?£L<te7 /i m- 1 5 

* c &m<0*6K£LTti9 8%fit±tf#SL<, 2 6 
*c#£L<ti9 9%l;*±T*&'^ »fc#SL<«:9 9. 

[0062] mmm*. y^x^ 

£o ftB/StT*ti, »te*<«fcA,£*v><D-e* fl*lca 

^ 0 ^x***±fcftji»*ra/aTtitf* «etc&< 

77y**OK*«»fi, 7>l/^x»>A, Si, 
;k ^dA, & x ^U7fy, ft, 

[0 0 6 3] ^fc*«W^43tt*iEft«850«riJJCOV^ 

ftH (fcL<ttft«m) MM2lW±T^^Tt 
£9#l;LvM$/£te, iESrSftlS (feL<ttft« 

««) «#«r-r*ffl^iEffis»a (t>L<*ift«*m) 
■n, ^MstifejEasmK (tK^iTO ism 

ffi<DWlc&Z#m%l. iEffiJSftBt (fcL<ttftffi»fi) 



[0064] «swittiEfttaffioH^rsrc«Eafl!ffio 

10 0 PPM UT, » * L < tt^F»ttOfe03^»* LV\, 

aSBKi^SnatfrFOSJftM^. 5M%tt±* 9 6 
««%JWTtf»*L<, 5fifi%W±. 9 5li%WT 
A^0»SL<. 1 01I%W±, 9 3Bi%ttTJW» 

[0 0 6 5] 7]c^i8te©»«teti : ?*: LTte, ^1, ft 
HIMHft, ftHWK. ttftML *-#>79v**m 

iMtttt?©*-?, 7;i/*UftJiM$icy^*Afc©EiS 

LTti. 5 x l 0 9 Q • mttTtfSS l^o 

fi^ftB, EP*y^">Aftft*ffOlc<^ftll|]b«»SL 
<. X'y^;K ^PA, turf 

6<DftMft*<Dffm, ft-tt, tt«, tEtt. Wttov^fti 
T-fc«fc<, H^cS^O. 0 2|imKi, 2 0fimWTA^ 
W^L<. 0. IjimfiU:, 1 0 /i mttT** L 
^ e cti60ftB»*«:, «ffitf«Klc«ft*tiTt^4 

■euwaa-r* c t aw* 

[0 0 6 7] Jg^li^fcLTti. ttdkmiiSmiflW 

0«iRtt»*«v^iil:*<a*«. HflM(c»fnift» 

[0 0 6 8] *HW»c*«tt**fe*v^*5F»tttt?i: 
lt*4. f7D^M*, s i c, 

A. 7^v/7, A^-Th, 7 

Si?O0. 0 1«JM±, iomTt«^u\ 
[0 0 6 9] IE (ft) OfBffii/- h«IE (ft) SOftffJ 

ft»JOHH«±iEfiJS»K (feSt^iftffitt 

») *><fca*^ta^j^g^L, es^sfl (tang^co-9-x^ 

*ftl*TBaHBftU 3l«t^T, 5**-, 
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vWOl/^-, 7^**y ^-fVhi/ 

ft\&m<DpHimmT'te5~-\ o, iemxi*7~ 

1 2W$U^ 

[oo7o] t£mm*<DX&vff?ztwa*&ti\ 

-Kit, ^-r^ffi, x^h;l/->'a>l K 
«FlC#£lA\, 0. 1 — 1 0 Om/#£>3lg-r 

K«aflE»«nrc«»T* 10-100 M 

Z>o *a»SKtt8 0-3 5 0"COlBH*WSU<, Wfc 
10 0-26 oreaffiHtfffSL^o 

2 0 0 0 p p mttT#»* < > 5 0 0 p p mlXTtf <fc 

assuv*. «s*>-HDEE»i. Hft*c#JB*ftT^ 

PSSStlfcl^tf, 10kg/cm J -3t/cm l W 

$lk ^uv^-yuxscoyuxjigti, o. i- 

[0 0 7 1] *SBKr*ffifflT#S-fe^U-^tt, 
OtfffSLV. %&#0. 0 1-1 Mm, JP^tf 

2Bw±^6ft*a*7-f 



[0072] ^weffifflT^afliJtkffife^tffflisatt 

M (SUS 3 0 4, SUS 3 0 4 L, SUS304 
N, SUS316, SUS316U SUS 4 30, S 
US 4 4 4«) , X7W7^iL/:XfVU^ 

ffii8?*lfcta*l&&ti* Xfyi/XSE xyfrrto** 
**8£ LfeftMKtf L < % ftttf&tf iE&tt?«ttfc 

v^n**a*>fu«-r*ci:*<a**. con 

£: LT> ta-X, PTC«?» 
[0 0 7 3] «MB-eflW-r«U-K*tett, «A£ff 
A, ^J7fv, SI, T;l/^x*A3f) *?n&4>$& 

an&M, toss, ti^-h, 
y-K«©JB»tt«4, mo^s cm, dtatKasflEo 

«9t»& U-V-JW, HSttSS) *ffl^*cw 
[0 0 7 4] *38We«fflT*S*X-5rv Hi, #H£ 

[0075] M±<D&5icvTMfriLX z>t\rcmm&, 

ti, ttfffla. BttfUBlfttf»*B«*2««*0, cntc 

®, y^^A<o»fli*is--»c-r«rc*6oia«ww, ®i& 
Jbn«o jsttftfflstiSja^ofta^bry^^A 

^AffAS<0 5 0-l 2 0%*»XtSO^ff*U>. 
f*fflSrigttfk»S€r+»»c^^S/£:«)OfflST** 0 , 
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[0 0 7 6] #JSHOStt{fcfifl<0#$ Ll^x-S^vy* 
ft (69«lS*ftt tt^OiffiDT**. fflffiW:3 0lCW± 
7 0tWW»$L<, 3 0tW±60tWWOff 
$L<, 4 0T«±6 0T«T/«^fc#SU,>. g 
fc. HlftttEtt2. 5V«±3. 

2. 5VW±3. 5VWWctD»tL<, 2. 8VW 

±3. 3 VlXT&2t>lC&&L\*\ 3--i?^>?mmt I 
S W± 2 0 BWTO»$ L < s 1 Btt± 1 5 HWT^fif 

<. 4. 0 5VW±4. 3VttWcfcD»SL<, 4. 
1VW±4. 2VttT*^c»S Li/V jStt(tmox- 
^>yftftfcLTH\ IMB«ffi#3. 9VW±4. 3 V 
«Ttf#£L<* 4. 0Vtt±4. 2VttWRft»* 
L<, &gti3 0ttt±7 OICttTtffrSlX, 40t 

K±6 0t«Wfif^l^ o x-^v^ratio. 

2 0tt±2O0«Ttf»SK, 0. 5Btt±5BWT 
[0 0 7 7] *SBW<0fflHk«j&Efcj£i:T^««r**8I 
7, ^7^;VA, «L flu -fJTsrf-vt'r-Ts 

[0 0 7 8] *«R80«Hfitt«»S*CJ£i;Tfflft**ift?iJ 

5o $fe«Hi!/<7i'(ctt, fBBES»®B (DC-DCn 
y-FIE*i8«?"*cfcT*B£LTfcfi^U V^h 

[0 0 7 9] *9mo«Hka«R^rftMlcttflSti« 0 

st««B. 3-fu*mb, tyyy, tnx^ ma 

[0 0 8 0] 



[00 8 1] H56CT1 
»Wfc*«LfcUT0*aft*ttfc LT, S i-Agp 

& «tt>v&-2 malt 4 o-6o) s fe&¥mc&& 
5/y*tB*u i o o oicTiinj»LT»e>nfcHfBfti 

^T;l/rf>^X*^Si3fj = ;Ucre)mcL/c:S i-S i 

O2 at^%-4 fflffltk9 0-i 0) . WBHUb-D* 

*Lfc-5r^HS (ffcft*-5 Si-NiOMSit 2 0 
-8 0) , ,f'J77(ke-'Jf>3 g^N-^f^D 
>J FV5 0glcSA'L^KlC'9r^X«:3 0gS2inU S 

0-5 0*c«:5J:5JciB'&LTf#enrct»*«:l 9 
0 g. B8f"J^LT#Ur^UoxhU;l/l 0g*N- 
^^;l/-2-tfDU FV 5 0 0mlt»»Lr, ftS 
*«*5y-*ftJ«Lfc 0 ms^jx^u-^i?^ 1 0 

4 6/im> H5 Smmxg^ 5 0mmOftffi->— F«rfffiKL 
/Co ftS^-hc0^lc^^^;l/^O J J-Fffi^?g}gb 
Bj5~ 4 0 TCttTOK»ffi«*"e 2 3 0 XT 1 PS 

[0 0 8 2] lEffiWBfcLT* LiCo02^43fiffl: 

«ra;U N-^f;l/-2-kfo'J K> 1 0 OffifiSPfcjfit 
{*£ LTS»LTl§6ftfcX^ U-*JP« 20/1 m(07 

5/zm, «5 4mmxg?4 9mm<0IEffii/- h^fFSLfc 
lEf&iSt&iSL i Co0 2 ^2 0 0gi:7 7 -lrf-U>y^^ 

* 1 0 gfc**t^Yif--e«#u st^rtemmt 

LT^'Ji*fbfcTx»Jx>5 g^ig^L, N-^^;l/~2 

-vfa'jFv 5 oom 1 fcirafcisaiE^u mfii^aa 

t2 3 o^t 1 fiFM3»jasLfc 0 mimi&mmftm*.-- 

[oo8 3] m\c^?mf&<D'f)\smmnm*mmL 
tea p-12. p-21. p-22, p-2zzm^ 
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C/PC) 1 : lzB^BK (f*atfc) , £&ffl£LTL 

i p FjgLum&mtemt {.TTvex^vyf-uzLh 

VJlsttS v-«*LT 1 ffiffi%fi^Lfc»€:JS;£ 3 0 
/im(0^^tf;l/X (») §!J^^APYRUS P22FW-0CS 
k:#SLfc»80iC^jtaS!ftLTm^L, fMtLfc* *f« 

#»JV- P-31, P-32, P-33. P-34> P-41. P-42, P-43, 
P-44, P-51, P-52, P-61, P-62, P-71. P-72tCOt>T 

^-h/^ufcruy^-^-h (EC/PC) 1 : 1 
E^JSJS «*8U±) ZMfiEtfttSfcLTL i P F.«jklM 

h/yn t: h (ec/p 

C) 1 : lSftSKtcL i PF.«:i8IBLfcfc<D«:iS« 
3 0 ii m0K8* (ft) «^«*BTAPYRUS P22FW- 

ocsic^ilLfco jMr>-K iE«S/-btt*n«xB 
S-4 0 taTORftSatt' 2 3 0tT3 0 #J3&7kH£ 

5K 2 



*K«»*iEffi>'~ h (11). B6 0mmxl^6 0mm 
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